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DISCLAIMER

This report was prepared by Bethlehem Steel Corporation pursuant to a cooperative
agreement funded partially by the U. S. Department of Energy, and neither Bethlehem
Steel nor any of its subcontractors nor the U. S. Department of Energy, nor any person
acting on behalf of either:

(a) Makes any warranty or representation, express or implied with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or

(b) Assumes any liabilities with respect to the use of, or for damages resulting from
the use of any information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
Trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the U. S, Department of Energy. The
views and opinions of authors expressed herein do not necessarily state or reflect those of
the U. S, Department of Energy.






ABSTRACT

Bethlehem Steel Corporation (BSC) requested financial assistance from the Department
of Energy (DOE), for the design, construction and operation of a 2,800-ton-per-day blast
furnace granulated coal injection (BFGCI) system for two existing iron-making blast
furnaces. The blast furnaces are located at BSC’s facilities in Bums Harbor, Indiana. The
demonstration project proposal was selected by the DOE and awarded to Bethlehem in
November 1990. The design of the project was completed in December 1993 and
construction was completed in January 1995. The equipment startup period continued to
November 1995 at which time the operating and testing program began. The blast
furnace test program with different injected coals was completed in December 1998.

This Final Report is designated as Yolume 2. Volume 1, as specified in the general
guidelines for project reporting, is the Public Design Report of March 1995 that is
referenced in the Bibliography, Section 10 of this report.

BFGCI technology involves injecting coal directly into an ironmaking blast furnace and
thereby reduces the need for coke on approximately a pound of coke for a pound of coal
basis. This demonstration project is a full-scale application of the commercial version of
the BFGCI system that is available to the integrated steel industry. The Burns Harbor

- BFGCI system demonstrated that:

® A coal preparation system can be used to inject granular coal as well as pulverized
coal. No other system has been utilized over this range of coal sizes.

e The costs for granular coal systems can be less than for pulverized systems.

The primary goal of the BFGCI and the Cooperative Agreement with the Department of
Energy was to demonstrate the advantages of using a granular coal injection facility
rather than a pulverized coal injection system. Secondary objectives were to determine

the effect of coal grind size and coal type on blast furnace performance.

The major conclusion based on three years of operational experience with the granulated
coal injection system is that granular coal works very well in a large blast furnace.

Specific conclusions from the blast furnace trials are:

1)  Granular coal performs as well as pulverized coal in large blast furnaces.

2) The energy consumption for granulating coal is significantly less than that required
for pulverizing coal. Specifically, 60% less energy is consumed in coal grinding when

producing granular sized coal, a significant economic benefit.

3) The blast furnace operation with low volatile coal is superior to an operation using
high volatile coal.
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This demonstration project was a full-scale application of the of the BFGCI system that is
available to the integrated steel industry. The Burns Harbor BFGCI system demonstrated
that:

e A coal preparation system can be used to inject granular coal as well as pulverized
coal. No other system has been utilized over this range of coal sizes.

® The costs for granular coal systems can be less than for pulverized systems.

®  Granular coal is easier to handle in pneumatic conveying systems. Granular
coals are not as likely to stick to conveying pipes if moisture control is not
adequately maintained.

o The unique variable speed, positive displacement Simon-Macawber injectors
provide superior flow control and measurement compared to other coal injection
systems.

The main facilities that were installed and demonstrated included a coal storage area, a
coal reclaim facility, a drying and grinding facility, and a furnace injection system. The
drying and grinding facility was designed to produce coals ranging in size consist from
80% -200 mesh(pulverized coal) to 30% -200 mesh(granular coal).

In addition to displacing the natural gas, the injected fuel previously used at Burns
Harbor, the coal injected through the tuyeres displaced coke, which is the primary
reductant and fuel in the blast furnace. The Burns Harbor project generated operating
data and trial results that are applicable to the domestic integrated steel industry.

The primary goal of the Project and the Cooperative Agreement with the Department of
Energy was to demonstrate the advantages of using a granular coal injection facility
compared to a pulverized coal injection system. Secondary objectives were to determine
the effect of coal grind size and coal type on blast furnace performance.

The major conclusion based on three years of operational experience with the granulated
coal injection system is that granular coal works very well in a large blast furnace.

Specific conclusions from the four blast furnace trials, discussed in detail in the Technical
Performance section of this report, are as follows:

1}  Granular coal performs as well as pulverized coal in large blast furnaces.
2) The energy consumption for granulating coal is significantly less than that required
for pulverizing coal. Specifically, 60% less energy is consumed in coal grinding when

producing granular sized coal. This is a substantial economic benefit.

3) The blast furnace operation with low volatile coal is superior to the operation using
high volatile coal.
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To reduce coke consumption, many fuels have been injected to the blast furnace through
the tuyeres. Tar, oil and natural gas have all been used at Burns Harbor to reduce the
coke requirement. The local economics of coke and the cost and availability of each
injectant has been the driving force for which fuel to use at any particular point in time.
Prior to 1995, Burns Harbor used natural gas as an injectant. Despite the simplicity of
operation, lack of large capital outlay and the good results from natural gas, blast
furnace operators realized the limitations of gas, the inevitable increase in price and a
concern on future availability.

Prior to the construction of the Granulated Coal Injection System at Burms Harbor, all
coal injection facilities in the United States were designed to provide pulverized coal.
Pulverized coal is defined as 70% - 80% of the injected product coal being -200 mesh.
Granulated coal is defined as the final ground coal size injected to the furnace as being:

100% is -4 mesh (Smm)
98% is -7 mesh (3mm)
<30% is -200 mesh

A major advantage of granulated versus pulverized coal is that less energy is required
for grinding. The granulated coal injection system is also easier to maintain, In
addition, the Burns Harbor system has the ability to produce either pulverized or
granulated coal, albeit at a reduced production level when preparing pulverized coal.
The flexibility of the equipment was important for the coal testing program.

The Bumms Harbor project has been conducted to generate data that is applicabie to the
entire domestic integrated steel industry. The project has demonstrated sustained
operation with a variety of coal types, sizes and chemistry, The operation with the
injected coal has been compared to the blast furnace operation with natural gas, the
previous tuyere injectant used at Burns Harbor. In addition, trials were completed
comparing the use of the same coal with granular and pulverized sizing.

1.1.5 Project Schedule

The project schedule is shown in Figure 3. A much more comprehensive and detailed
project management time line schedule showing engineering, procurement and
construction activities is available in the Public Design Report dated March 1995.

1.2 Demonstration Project Goals

The goals that were completed as part of the project are described in the following
sections.



1.2.1 Coal Particle Size

Operation of the BFGCI system was demonstrated for primarily granular sized coal. The
initial six month operation of the furnace with high volatile coal on C furnace showed the
operating characteristics of the blast furnace with granular coal. The trial schedule was
designed to show the advantages of granular coal which are reduced capital costs for
grinding facilities and reduced energy consumption for the grinding process. The direct
comparison of granular and pulverized coal sizing was completed in October and
November 1998,

1.2.2 Coal Chemistry and Type

The effect of coal chemistry, in particular, higher ash content, on blast furnace
performance was demonstrated and categorized. In addition, two coal types, high and
low volatile with granular sizing were directly compared.

1.2.3  Coal versus Natural Gas

The blast furnace process advantages of the use of granular coal compared to the
historical use of natural gas at Burns Harbor were also evaluated. This comparison is
discussed in section 5.1.3 and illustrated in Table 5.



2.0 TECHNOLOGY DESCRIPTION

The injection of cnal into the blast furnaces at Burns Harbor required the installation of
major new facilities and modifications to some existing facilities. The scope of this work
is categorized into the following areas — raw coal supply, raw coal reclamation, coal
preparation, coal injection, peripheral facilities and environmental control facilities. The
following description of the technology and the facilities is a summary of previous reports.
A detailed description of the facilities with appropriate engineering drawings is available
in the Public Design Report of March 1995. The facilities are shown schematically in
Figure 4.

2.1 Description of the Demonstrated Technology

The BFGCI technology was developed to use bituminous coals that are typically used by
the power generation industry. The preparation of the coal (grinding and drying) can be
done by a variety of commercially supplied mill systems that are also used by the power
generation industry. In fact, a very simple, low cost hammer mill would be sufficient to
produce the granular coal specification developed by British Steel. However, the need to
demonstrate both granular and pulverized coal sizes precluded a hammer mill from being
used for this facility.

A schematic of the Burns Harbor system is shown in Figure 5. The granular coal
injection technology (storing, metering and transporting the granular coal into the
furnace) was supplied by ATSISM. The granular technology includes the design of the
injection system, the product coal silos, weigh bins, distribution bins, injectors, injection
lines, injection lances and control system. The technology also includes the supply of
injectors, injection piping system components, and injection lances by Simon Macawber.

2.2 Description of the Demonstration Facilities

Each component of the coal injection system is reviewed in the following sections of this
report.

2.2.1 Raw Coal Supply

Raw coal is shipped from the coal mine to the Burns Harbor Plant by rail in unit trains of
100 cars. The coal is unloaded with an existing car dumper. As part of the coal injection
project, one existing conveyor was elevated to provide room for a diverter gate to reroute
coal to the coal injection facility. A new 60 inch wide conveyor was built to supply coal
to a 28,000 ton coal pile area to maintain a 10 — 14 day supply of coal.

2.2.2 Raw Coal Reclaim

A raw coal reclaim tunnel was built under the coal storage pile. The reclaim hoppers in
the tunnel feed a 36 inch wide reclaim conveyor. The 400 foot long conveyor transports



the coal at a rate of 400 tons per hour above ground to the south of the storage pile. The
coal is sent to a precrusher and then to the top of the coal preparation process building.

2.2.3 (Coal Preparation

Coal is transferred from the reclaim conveyor to a distribution conveyor that directs the
coal into one of two raw coal storage bins. Each bin holds 240 tons of coal. They are
totally enclosed with a vent filter on top.

From the bins, coal flows into a feeder that controls the flow to the Williams coal-
grinding mill. The mill is driven by a S00HP variable speed motor. The mill contains six
roller journals that rotate about a vertical axis against the inside diameter of the 90 inch
bowl ring. The faster the journal rotates the greater the crushing force against the bowl
ring. The coal particle size is largely controlled by the mill rotational speed. Heated air
from a natural gas fired burner is mixed with recycled air and sweeps the coal through the
mill-grinding chamber.

The coal and gas mixture pass through a cyclone separator where 95% of the coal fines
are separated from the gas. There are two Williams Patent Crusher grinding/drying mill
systems. Each system is designed to produce 30 tons per hour of pulverized coal or 60

- tons per hour of granular coal.

2.2.4 Coal Injection

The coal injection facility consists of four parallel in-line series of equipment, two for
each furnace. Each series of equipment begins with the screw feeder to the product coal
silo and ends with the coal injection lance at the blast furnace tuyere.

Coal from the two product coal screens is directed to four screw feeders that feed four
product coal silos. Each silo holds 180 tons of coal. This is sufficient to maintain coal
injection at 60 tons per hour for six hours. This system is designed as an oxygen
exclusion system. Coal flows by gravity to an enclosed distribution bin that serves as a
holding area for the individual two.ton batches. The distribution bin contains 14 conical
shaped pant legs each of which feeds an injector. The injector contains a lockhopper with
a screw feeder at the bottom. The screw feeder meters the coal from the injector vessel to
the injection line. At this point the coal is mixed with high pressure air and is carried
approximately 600 feet to an injection lance mounted on each of the 28 blow pipes on the
blast furnaces.

2.2.5 Process Building

The coal preparation system and injection plant system equipment is in a process building
located to the west of the blast furnaces. The building has a plot cross-section of 56 feet
x 76 feet and has two roof levels at 45 and 105 feet above grade.



2.2.6  Utilities Building

The utilities building houses all motor controls, electrical switchgear, injection air
compressors, HVAC, spare parts and the main control room.

2.2.7 Environmental Control Facilities

The facility complies with all of the State of Indiana environmental regulations. Also, a
project Environmental Assessment was approved by the DOE in May 1993. The Public
Design Report of March 1995 provides a complete description of the method and
facilities that provide environmental compliance.

2.3  Progess Flow Diagram

Figure 4, referred to previously, shows a general layout of the flow of coal from the
unloading point to the blast furnace. Figure 5 shows the application of the granulated
coal injection system and its relative place in the larger scheme of the entire blast furnace
complex. In addition, Table 1 shows the Facility Design Parameters for the entire
system. The capacity of each of the elements in the simplified process flow diagram is
noted in this table. Additional detailed stream data.of each element in the system with
appropriate mass flow rates are available in the Public Design Report in drawings
numbered 200/300-59J-01 and 100-250-00.



